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@ Distillate fuel production. 



(Sh DistiUate fuels, for example diesel and jet fuels, with excellent cdd flow properties are produced from 
%vaxy FIscher-Tropsch products by separating the product Into a heavier and a lighter fractwn; 
Isomerizing the heavier fractkm ; hydrotreaUng and Isomerizing the lighter fractkin ; and recovering 
products in the requked fuel ranges. 
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This invention relates to the production of middle distillates, suitable for use as. or in, diesel or jet fuels, 
having excellent low temperature properties. More particularly, this Inventton relates to the production of such 
distillate f uels from a waxy hydrocarbon produced by the reaction of CO and hydrogen, for example in a Fbch- 
er-Tropsch hydrocartx)n synthesis process. 
5 The waxy product of a hydrocarbon synthesis product, particularly the product from a cobalt based catalyst 

process, contains a high proportion of normal paraffins. Nevertheless, the products from hydrocartx>n syn- 
thesis must be useful in a wide variety of applications, just as are the products from naturally occurring pet- 
roleum. Indeed, the products nrujst be fungible and the application must not be affected by the source of the 
product Waxy products provide notoriously poor cold flow properties making such products difficult or impos- 

10 sible to use where cold flow properties are vital, e.g., lubes, diesel fuels, Jet fuels. 

Cold flow properties can be improved by increasing the branching of distillates within the proper boiling 
range as well as by hydrocraddng heavier components, l-lydrocracking, however, produces gaseous and light 
products that tend to reduce the yield of valuable distillates, and there remains a desire for maximizing distil- 
lates obtained from Fischer-Tropsch waxes. 

is The process of the present invention tends to increase the yield of distillates, such as kerosene, diesels, 
and lube base stocks as well as providing excellent cold flow properties that are essential for the utility of these 
materials. In accordance with this inventbn, materials useful as diesel and jetf uels or as blending components 
for diesel and jetf uels are produced from waxy Fischer-Tropsch products by a process comprising: separating 
(by fractionation) the waxy Fischer*Tropsch product into a heavier fraction boiling above about SOO^F and at 

20 least one lighter fraction boiling below about 500^F, for example, a 320/500"F fractton tnjt preferably an all re- 
maining liquid, at atmospheric pressure, fraction, i.e., a Cg/SOO^F fraction. 

The heavier fraction Is catalytteally hydroisomerized, preferably in the absence of intermediate hydix^treat- 
tng, and produces products with excellent cold flow characteristics that can be used as jet fuels and diesel 
fuels or as blending components therefor. Preferably this isomerized material produces jet fuels having a 

25 freeze point of atx>ut-40^For lower and diesel fuels having low doud points, and cetane ratings less than that 
of the corresponding normal paraffins; thus, indicating increased product branching relative to the waxy par- 
affin feed. 

The lighter fraction, either the 320/500 cut or the Ce/SOO cut, is first subjected to mild catalytic hydrotreating 
to remove hetero-atom compounds, such as oxygenates, followed by catalytic hydroisonrierizatbn thereby pro- 
30 ducing materials also useful as diesel and Jet fuels or useful as blending components therefor. Optionally, all 
or a part of each product stream can t>e combined or blended and used as diesel or Jet fuels or further trended 
for such use. 

The catalysts useful in each hydrotreating and hydroisomerization can be selected to Improve the qualities 
of the products. 

35 In one embodiment of this inventton, any TOO^'F-f materials produced from either hydroisomerization step 
can be recycled or fed to the hydroisomerization step for the heavier f ractton for further conversion and iso- 
merization of the ZOOT-t- f ractton. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a schematic arrangement of the process and its embodiments. 
DETAILED DESCRIPTION 

^ The Fischer-Tropsch process can produce a wkle variety of materials depending on catalyst and process 
conditions. Cunrentiy, preferred catalysts include cobalt, ruthenium and iron. Cobalt and ruthenium make pri- 
marily paraff inic products, cobalt tending towards a heavier product slate, e.g.. containing C2o'*', while ruthe- 
nium tends to produce more distillate type paraffins, e.g., C5-C20. Regardless of the catalyst or conditbns em- 
pk>yed, however, the high proportton of nonnfial paraffins in the product must be converted Into more useable 

so products, such as transportation fuels. This conversion is accomplished primarily by hydrogen treatments in- 
volving hydrotreating. hydroisomerization, and hydrocracking. Nevertheless, the feed stock for this invention 
can be described as a waxy Fischer-Tropsch product, and this product can contain Cs-*- materials, preferably 
C^o^, more preferably C^-*^ materials, a substantial portion of which are normal paraffins. Atypical product slate 
is shown below, which can vary by ± 10% for each fraction. 
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TABLE A 
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Typical product slate 


from FfT process 


liquids: 






Wt% 


IBP • 320*F 


13 


320.500*F 


23 


500 - 7tK)*F 


19 


yoo-ioscF 


34 


1050*F+ 


11 




100 



The feed stock is separated, usually by fractionation into a heavierf raction and at least one lighter fraction. 
The heavlerfractfon, preferably a 500-F+ fraction Is substantially free of 500<»F-materials. Preferably, the heav- 
ier fraction contains less than about 3 wt% SOO^F-. We have found that hydrotreatment of this fraction, while 
aOowing for Increased conversion upon hydroisomerlzation. does not provide the excellent cold flow properties 
that can be obtained by hydroisomerization of an untreated fraction. Consequently, the heavier fraction is pre- 
ferably subjected to catalytic hydrolsomerization in the absence of any prior hydrotreating step. In other words 
the heavier fraction Is not subjected to any chemical or catalytic treatment prior to hydroisomerization. 

Hydrolsomerization Is a well known process and Its conditions can vary widely. For example. Table B below 
lists some broad and preferred conditions for this step. 



TABLE B 



30 


CONDITION 


BROAD RANGE 


PREFERRED RANGE 




temperature, *F 


300^0 


650-750 


35 


pressure, psig 


0-2500 


500-1200 


hydrogen treat rate, SCF/B 


500-5000 


2000-4000 




hydrogen consumption rate, SCF/B 


50-500 


100-300 



While virtually any catalyst may be satisfactory for this step, some catalysts perform better than othera 
and are preferred. For example, catalysts containing a supported Group VIII noWe metal, e.g., platinum or pal- 
ladium, are useful as are catalysts containing one or more Group VIII base metals. e.g., nickel, cobalt, which 
may or may not also include a Group VI metal, e.g., molybdenum. The support for the metals can be any re- 
fractory oxWe or zeolite or mbctures thereof. Preferred supports Include silica, alumina, titanla, zirconia, va- 
nadia and other Group III. IV. VA or VI oxides, as well as Y sieves, such as ultraslable Y sieves. Preferred sup- 
ports include alumina and silica-alumina where the silica concentration of the bulk support Is less than about 
60 wt%, preferably less than about 35 wt%. More preferred supports are those described In US patent 
5.187,138 Incorporated herein by reference. Briefly, the catalysts described therein contain one or nrwre Group 
VIII metais on alumina or slltea-alumlna supports where the surface of the support Is modified by addition of 
a silica precursor, e.g., SKOC2H6)4. Silica addition is at least 0.5 wt% preferably at least 2 wt%. more preferably 

about 2-25 wt%. . * ^ • s 

One factor to be kept in mind In hydroisomerization processes is that Increasing convereton tends to in- 
crease cracking with resultant higher yields of gases and lower yields of distillate fuels. Consequently, con- 
verelon is usually maintained at about 35-80% of feed hydrocart)ons boiling above TOO'^F converted to hydro- 
carbons boiling below 700«F. ^„^^«^v* ^' 

The cold flow properties of the resulting jet fuel (320/500*F) fraction and diesel fuel (500/700*F) fraction 
are excellent, making the products useful as blending stocks to make jet and diesel fuels. 

At least one lighter fraction boiling below SOO^F is also recovered and treated. The lighter fraction can be 
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a 320-500'* fraction or preferably the entire liquid fraction l)oiling below 500*F, that is, the CVSOO** fraction. In 
either case the treatment steps are the same. First, the lighter fraction is hydrotreated to remove hetero-atom 
compounds, usually oxygenates formed in -the hydrocari)on synthesis process. Hydrotreating temperatures 
can range from about 350-600^F, pressures from about 100-3000 psig and hydrogen consumption rates of 

5 about 200-800 SCF/B feed. Catalysts for this step are well Icnown and indude any catalyst having a hydrogen- 
ation function. e.g., Group Vlll noble or non*noble metal or Group VI metals, or combinations thereof, supported 
on refractory oxides or zeolites. e.g, alumina, silica, silica-afumina; alumina being a preferred support 

Turning to the drawing, hydrogen and CO enter Fischer-Tropsch reactor 10 where the synthesis gas is 
converted to Cs* hydrocarbons. A heavier fraction is recovered in line 12 and hydroisomerized in reactor 16. 

10 The useful product, a 320-700 fraction is recovered In line 22 and may be used as diesel or Jet fuel or as blend- 
ing components therefore, after fractionation (not shown). In one embodiment, the 700''F*i' material is recov* 
ered from the product in line 18 and recyded to the reactor 16. In another embodiment the light naphtha, e.g., 
Cfi/320 fraction is flashed in line 20 and sent to hydrotreater 15 or optionally by line 26 to the overhead line 
13 containing Ce^320 naphtha for cdiectlon and storage. 

IS The light fraction, in line 11 may be a 320/500 fraction or a C9/5OO fraction. In the latter case overhead 

line 13 does not exist, in the fonmer K cdlects the light naphtha, l.e., the C^fZlO fraction. The lighter fraction 
is hydrotreated in hydrotreater 15 and the resulting light naphtha is flashed In line 17 to line 13. The 320/500 
fraction is recovered in line 19 and hydroisomerized in reactor 21 . The resulting product in line 23 may be used 
as jet fuel or as a blending agent therefor, and optionally may t>e combined via line 25 with product from reactor 

20 16 in line 24. Ught naphtha is flashed from reactor 21 and recovered in line 27. 

After hydrotreating the lighter fraction, the light naphtha Is flashed off and the reniaining material is sub- 
jected to hydroisomerization. The catalyst can be any catalyst useful In hydroisomerization of light fractions, 
e.g.. 320/500 fractions, and preferably contains a supported Group Viil noble metal. The nobie metal catalysts 
containing platinum or palladium as described in US 5.187,138 are preferred. 

25 

TABLE C 



35 



CONDITION 


BROAD RANGE 


PREFERRED RANGE 


temperature, **F 


300-800 


600-750 


pressure, psig 


50-2000 


700-1200 


hydrogen treat rate, SCF/B 


500-5000 


2000-4000 


hydrogen consumption rate, SCF/B 


50-500 


100-300 



In catalytic hydroisomerization reactions feed cradcing should be maintained as low as possible, usually 
less than 20% cracking, preferably less than 10%, noore preferably less than about 5%. 
The following examples wilt serve to illustrate further this invention. 

^ EXAMPLE 1 

A series of sbc catalysts (A-IH) was investigated for Isomerization of a non-hydrotreated Fischer-Tropsch 
wax niaterial with an initial lx)iling point of at>out 500''F and an oxygen content of at>out 0.45 wt%. All of the 

^ catalysts were prepared according to conventional procedures using commerdaliy available materials well 
known In the art (Catalysts I through N were used in later experiments.) The tests were conducted in a small 
upflow pilot plant unit at 1000 psig. 0.5 LHSV, with a hydrogen treat gas rate near 3000 SCF/BbI, and at tenv 
peratures of 650 to 750*'F. Material balances were collected at a series of Increasing temperatures with oper- 
ation periods of iOO to 250 hours at each condition. The composition of the catalysts Is outlined in Table 1. 

^ Table 1 also indicates the relative activity of the catalysts expressed as the reactton temperature needed to 
achieve 40-50% conversion of feed hydrocartx>ns tx)iling above 70O'F to hydrocartx>ns t)oiling below 700''F. 
Catalysts described as being surface impregnated with silica were prepared in accordance with US 5,187.138. 
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TABLE 1 



CATALYST 


COMPOSITION 


REACTION TCP) 


700«'F+ COh4VERStON 
(WT%) 


A 


12% Mo-0.6% Ni-3% Co on 10% SIOrAlaOa 


726 


46 


B 


12% Mo-0.5% Ni-3% Go on 20% SiOrAljOa 


705 


46 


C 


12% Mo-0.5% Ni-3% Co on 27% SiOrAl203 


rUO 


44 


D 


4% surface impregnated silica on A 


708 


53 


E 


6% surfece impregnated silica on A 


696 


44 


r 

r 


iftOA eiirfaoA imnrfKinated Sillca On A 


668 


40 


6 


4% surface impregnated silica on 0.6% Pt 


707 


39 


H 


jfoi/. tfttr^^r^ ImrwvknnAtAd fiilica on 0 7% Pd 

on 10% SiOrAljOs 


716 


43 


1 


n ROA Dri £\n /v^mnnQitA fiUDDort with 20% 

AI2O3 and 80% ultrastaWe-Y 






1 


6% surface impregnated silica on 0.3% Pd 
on 10% SiOrAl203 






K 


0.5% Pd on 75% SiOr AI2O3 






L 


0.5% Pd on composite support with 80% 
high silica zeolite Y and 20% AI2O3 






M 


7.0% F on 0.6% Pt/Aip3 






N 


0.5% Pt on ultrastabie-Y zeolite 
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aearly, different catalysts displayed significant differences in wax conversion activity. The most acUve 
materials those produced using a surface silica additive. However, for the purposes of this invention, ac- 
tivity is not a critical factor. More Important factore Include the selectivity for producing Jet fuel and diesel fuel 
versus gas and naphtha and the quality of the resulting Jelfuel and diesel; e.g., these products should approach 
or meet cold flow property specifications for use as transportation fuels. 

Talrfe 2 provides a comparison of product distributions, jet fuel freeze points, diesel pour points, and cetane 
ratings for operations carried out at 40-50% 700»F+ conversion. All the catalysts considered in this example 
showed more^-less similar boiling range product distributions characterized by high selectivity to 320/500*F 
Jet fuel range hydrocart)ons wHh low gas and naphtha make. Other catalysts (not shown) were also examined 
which did not show such favorable selectWitles. 
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Table 2 shows that only certain catalysts combine high activity and jet/dlesel selectivity in achieving cdd 
S5 flow properties. Specifically, Catalyst A was not able to produce jet fuel with acceptable cold flow properties. 
However, catalysts containing the same metal combination and loadings on silica-alumina supports with 20- 
30 wt% silica content (B and C) provided acceptable perfomftance. Also, CoNiMo/10% SiOrAl203 catalysts 
which were modified by the addition of an additional 4-16 wt% silica as surface impregnated silica (catalysts 



6 



EP 0 635 557 A1 



D-F) also provided good performance. Good performance was also recognized with surface silica modified 
catalysts containing platinum or palladium (G,H) In place of CoNIMo. These types of catalysts (represented 
by B-H) produced products of similar overall quality and are strongly preferred for the wax tsomerizatlon step 
for 600*F+ material. 

EXAMPLE 2 



Catalyst D (4% SIOz/CoNiMo/IOVo SIO2-AI2O3) was tested for SOO^'F* wax conversion activity, selectivity, 
and product quality under several different sets of processing conditions. In these tests, the catalyst was in 

10 the form of 1/20- quadrliobe extrudates In a 200 cc pilot plant reactor; Tatie 3 summarizes results of these 
studies which employed the same non-hydrotreated wax feed as in Example 1. Activity was improved with 
equivalent selectivity and jet fuel quality when the pressure was lowered to 500 psig and space velocity was 
Increased to 1 .0 LHSV. However, when the wax feed rate was Increased to 3,0 LHSV and the temperature also 
Increased, the selectivity pattern changed dramatically, e.g.. the yield of jet fuel was lowered In favor of gas 

f 5 and naphtha production, and the quality of the jet fuel was also impaired as reflected by an Increased freeze 
point The detailed reasons for this change in selectivity are not fully understood, although pore diffusion llnr^- 
Itations are believed to be a primary factor contributing to the Inferior performance at 3 LIHSV. 



TABLE 3 



20 


CONDITiONS 


RELATIVE RATE CONSTANT FOR 700^F+ 
CONVERSION 


SELECTIVITY 


• 

• • • 

• • • 

• • 




700»F/1000 pslg/0.5 LHSV 


1.0-Base 


Base 


• 

• • 


25 


700<'F/500 pslg/1.0 LHSV 


2.0 


Base 


• 

• • • 




725*F/1000 psig/3.0 LHSV 


4-5 


.8%Jet/diesel: 


• • 

• • 
« • 4 








4-7% gas/naphtha 


• 

• • 
• • 
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EXAI^IPLE 3 



Several teats were also carried out using a 650*F+ Fischer-Tropsch wax which was hydrotreated to renwve 
small levels of oxygen-containing hydrocarix)ns (alcohols, aldehydes, etc.) prior to isomerization. Hydrotreat- 
ing was carried out at 635**^ 1000 psig, 2600 scf/BbI H2 treat rate, and at space velocities of 0.5 to 3.0 LHSV 
using a commercial sulf ided NiMo/AlsOs catalyst Wax isomerizatbn and hydrocracking was subsequently car- 
ried out using Catalyst B at 1000 psig, 0.5-3.0 LHSV, and 620-660'F. Results from these tests are compared 
with single stage isomerization operations in Table 4. The reactivity of the Fischer-Tropsch wax for conversion 
during isomerization was increased greatly by prehydrotreating. For example, 50% 700**F+ conversion was 
^ achieved near 600**F with the hydrotreated wax versus a temperature requirement near 700*F with the non- 
hydrotreated wax. However, the quality of the jet fuel produced with hydrotreating followed by isomerization 
was not as good as that achieved with single stage operations. Based on this behavior, wax isomerization is 
piBferably carried out using non-hydrotreated 500^F^ Fischer-Tropsch product 

45 

TABLE 4 
700»F+ 

Reaction Conversion Product Properties at 75 •F 
so SOO^y^^ Feed T i^r\ i%\ 32O/700^F TSSlzt 



Non<-hydrotreated 716 57 clear liquid clear liquid 

Hydrotreated 608 56 cloudy, hard wax 

55 waxy liquid 



% 1000 psig, 0.5 LHSV, 2500 SCF/Bbl 
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EXAMPLE 4 



Tests were also carried out using Fischer-Tropsch wax feeds with variable contents of 500'F- hydrocar- 
bons. As shown In Table 5 for similar levels of 700*F+ feed conversion, the quality of the 320/500**F jet fuel 
5 G^c^ged from freeze point measurements) improved as the 500°F- content on feed decreased. In order to meet 
jet fuel freeze point specifications at 700*F+ conversion levels near 50-60%, the content of 500*F- hydrocar- 
bons on wax feed is less than about 6%, preferably less than 4 wt%, and most preferably less than 2 wt%. 



TABLE 4 



10 


500*»F+ Feed 


ReacUonT(T) 


700**F+ Conversion 
(%) 


Product Properties at 75**F 










320/700'F 


700'F+ 


15 


Non-hydfotreat- 
ed 


716 


57 


dear liquid 


dear liquid 




Hydrotreated 


608 


56 


cloudy, waxy liquid 


hard wax 



20 

EXAMPLE 5 



Catalyst H of Example 1 and catalyst I were evaluated for isomerizatlon of a light oil Fischer-Tropsch prod- 
uct boiling between 100**F and SOO^'F (approximating a Cg/SOO fraction). The reaction conditions were similar : 
25 to those described in Example 1. Catalyst I was a commerdaliy available hydrocracking catalyst containing 

0.5 wt% Pd dispersed on a particulate support material containing about 80 wt% ultrastable-Y zeolite and 20 : 
wt% alumina. Little or no conversion of this feed could be accomplished with either catalyst for reaction tenv 
peratures up to 750**F. 

30 EXAMPLE 6 

The same feed employed in Example 4 was subjected to hydrotreating and fractionation t)efore isomeri- 
zatlon tests were conducted. Hydrotreating was carried out at 350 psig. 450'*F. and 3 LHSV using a 50% 
Ni/Al203 catalysL After hydrotreating. the feed was topped to an initial boiling point of about 350''F prior to iso- 

35 merization tests. The isomerlzation tests were carried out at 350*600 psig. 550-700''F, and 1 LHSV using cat- 
alysts J and L described in Tat>le 1. In contrast to Example 4, the hydrotreated distillate feed showed good 
reactivity for conversion to naphtha and isomerized distillate range hydrocarbons that are suitable for use as 
diesel and jet fuel blending components. At high levels of SOO^'F^ conversion, the d20/500^F product produced 
over catalyst J was suitable for use as jet fuel without further blending. This catalyst contained 0.3 wt% palla- 

40 dium dispersed on a 10% SiOrAl20a support %vhich was further modified by the addition of 6 wt% surface silica 
derived from impregnation of Si(OC2H6)4. This catalyst displayed a superior selecthity for jet fuel production 
versus gas and naphtha as compared to the more active catalysts K and L which contained 0.5% palladium 
dispersed on supports containing 75% SiOz-AlaOa and ultrastable-Y zeolite, respectively. Table 6 compares 
product distributions and jet quality at several conversion levels. 

4S 
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TABLE 6 



HYDROISOMERI2ATION OF HYDROTREAIED 35(V500 F-T DISTILLATE 


CATALYST 


TCP) 


NC10+ CONV. 


PRODUCT YIELDS (WT%) 


SZO/SOCF FREEZE 
PTCF) 








CI/320 


320/500 




PdAJS-Y 


588.7 


71.6 


40.64 


59.36 


•38 


PcVSI-enhanoed 












TN-8 SIOjnAliPa 
(from U.S. 
5.187,138) 


599.8 


84.1 


54.63 


45.37 


-51 



EXAMPLE 7 



Isomerization tests were also carried out with the same hydrotreated 350 F-i- distillate feedstock employed 
in Example 6 using catalyst K described In Tat>le 1 and a lab catalyst prepared by impregnating 0,5 wt% pal- 
ladium onto the same 20% Si02 • AI23 support that was used to produce catalyst B. 

This catalyst was dried and calcined in air at 450»C for 3*4 hours prior to use. In this case, the test goal 
was to maximize the yield of 320-600*F boiling range distillate satisfying a freeze point specification of -50*F. 
Table 7 compares product yields under these conditions of constant product quality. It can be seen that the 
2* catalyst produced using the 20 wt% silica support provided Improved distillate yield and reduced gas and naph- 
tha make as compared to the catalyst produced using the high (75 wt%) silica content support, although both 
catalysts provided effective performance. 



TABLE 7 



SO 


Hydroisomerization of Hydrotreated 350/500<*F-T Distillate 




Catalyst 


0.5%Pd/20% SiOz-AlzOa 


0.5%Pd/75% SiOrAlaOa 


35 


rield (wt%) at -50*F 320/500*F Freeze 






Point 








Gas 


1.8 


2.6 




C5^20T 


10.5 


13.5 


40 


320/500<>F 


82.5 


77.7 




500«F+ 


5.4 


6.5 



^ EXAMPLES 

lsomerizatk>n tests were also conducted using a second hydrotreated nomnal paraffin feedstock containing 
primarily distillate range hydrocart)ons. In this case. sb< catalysts (A,D,G,H.M,N) were investigated at 1000 
psig, 0.5 LHSV, and with temperatures ranging f rom400*F to 700^F. As shown in Table 8, very different activity 

^ and selectivity patterns were observed with the different catalysts. Catalysts A and D containing CoNiMo dis- 
persed on silica-alumina supports showed high tendency for C1-C4 gas make. Catalyst N which contained 0.5 
wt% platinum on an ultrastable-Y zeolite showed high activity at low temperatures but the products were mostly 
naphtha range hydrocarbons. Catalyst M containing 0.6% Pi dispersed on a ftuorided alumina showed good 
activity combined with good selectivity for producing isomerized hydrocarbons in the jet fuel boiling range. 

^ However, the best selecth^ities for producing 320/500*F hydrocarbons versus gas and naphtha were obtained 
with noble metal catalysts containing 0.6 wt% R or 0.7 wt% Pd dispersed on a 10% SIO2-AI2O3 support which 
was further modified by the additton of 4 wt% surface silica derived from impregnation with Si(OC2H5)4. 
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RXH 

Jill 


500»F+ 
CONV f % ^ 




- .t»onnMr-r VTET.DS rWT%l_ 




CATALYST 


c;af4 


p2/C4 




320/500r 


A 


658 


78 
93 


4.1 
9.1 


1.6 
3.1 


8.7 
14.7 


69 
54 


.D 


674 


80 
92 


2.1 
4.7 


1.4 
2.5 


6.4 
14.4 


77 
62 


6 


656 
672 


78 
90 


0.02 
0.04 


0.65 
1-6 


4.9 
11.1 


^4 

77 


H 


656 
671 


72 
88 


0.01 
0.01 


0.61 
1.3 


3.9 
9.0 


84 

80 


M 


590 


58 


0.01 


0.85 


4.1 


79 


N 


400 


52 


0.01 


7*6 


25.4 


47 



e 1000 peig/0.5 LHSV/3000 SCr/Bbl-H2; 32% 550T+ on 



Claims 

1. A process for producing middle distillate transportation fuel components from the waxy product of a hy- 
drocartxjn synthesis process which comprises: 

(a) separating the waxy product into a heavier fraction and at least one lighter fraction; 

(b) catalytlcally Isomerizing the heavier fraction In the presence of hydrogen and recovering products 
with improved cold flow properties; 

(c) catalytlcally hydrotreating at least one lighter fraction and removing hetero-atom compounds mere- 

(d5*italylically isomerizing the product of step (c) to produce a fuel component having a freeze point 
of •SO'F (-34''C) or lower. 

2. The process of dalm. 1 wherein the heavier fraction boils above about SOO^'F (260*»C). 

3. The process of claim 1 or dalm 2. wherein the lighter fraction bolls in the range Ce-SOO^F (260«C). 

4. The process of dalm 3. wherein the lighter fraction boils in the range 320-500'F (160.260-0). 

5. The process of any preceding dalm, wherein the heavier fraction Is substantlaUy free of materials boiling 
below 500*F(260-C). 

6. The process of daim 5. wherein the heavier f radion contains less than about 3% hydrocarbons boiling 
below 500-F(260X). 

7. The process of any preceding daim. wherein at least a portion of the produd of step (b) is combined with 
at least a portion of the produd of step (d). 

8. The process of daim 7, wherein at least a portion of the produd boiling In the range 320-500*»F 
260«C) from step (b) is combined %vlth at least a portion of product boiling in the range 320-500»F (160- 
260^) of step (d). 

9. The process of any preceding dalm, wherein the produd recovered from step (b) boils In the range 320- 
700*F (160-370X), preferably 500-700*F (260-370'C). 
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